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Abstract. Supply chains consist of a network of people, activities, resources
and organizational systems that coordinate to move a product or services from
one point to another. A typical supply chain network contains multiple different
actors that have different needs and operate under different business conditions.
The complex and lengthy structure of agri-food supply chains for instance
makes it difficult for analysts to identify and model the appropriate business
processes. Several process reference models have been provided for describing
process models, but these tend to omit explicit guidance for configuring supply
chain business processes particularly in the agri-food supply chains. Hence, this
paper applies and adapt the SCOR model levels to demonstrate an approach for
supporting configuration of supply chain business processes dedicated for
supply chains. We illustrate the approach for an industrial case of a cocoa supply
chain. The approach was also applied to define and model the level 4 processes
which is out of scope of the SCOR model and scarce in literature for many
sectors including our illustrated case.
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1 Introduction

The concept of supply chains was born when organizations realized in order to con-
centrate on their core competencies, they need to source goods and services from
companies other than those they own [1]. This led to the development of
cross-organizational business processes. This, in turn, has brought about a close rela-
tionship between supply chain management and process management [2].

A typical supply chain network of today contains multiple actors who have dif-
ferent needs and operate under different business conditions. However, supply chains
are interrelated and interdependent and can be viewed as a network of people, activ-
ities, resources and organizational systems that coordinate to move a product or ser-
vices from one point to another [3]. From the system perspectives, [4] identify three
categories of conceptualizations with which supply chains can be defined, namely:

(1) network of cooperating actors, (2) cross-organizational business processes
performed by the actors, supply chain business processes and (3) the management of
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the business processes performed by actors. To manage supply chain and enhance its
practices in the concepts mentioned above, a number of different reference supply chain
frameworks have been developed.

The Supply Chain Council (SCC) developed a standard model called the Supply
Chain Operations Reference (SCOR) model that can be used to manage, benchmark
and advance supply chain business processes and practices. The SCOR model aggre-
gated supply chain management and practices into four levels: top/process level (level
1), configuration/process categories (level 2), process element level/decomposes pro-
cesses (level 3) and implementation/decompose process element (level 4) [5].
The SCOR model as it stands now is the most established and widely accepted
framework used by consultants and industry practitioners in supply chain [6]. However,
level 4 is out of scope from the SCOR model since each individual sector will have a
different procedure for defining and implementing their business processes [2, 7].

The SCOR model has been applied to the production [8] and construction [9]
industries extensively. Despite its relevance in improving and benchmarking supply
chain business processes, the application of the SCOR model in the agri-food supply
chains is scarce in literature. There is insufficient guidelines from the SCOR model for
deriving and modelling agri-food supply chain business processes.

To close and address this gap, this present paper applies and adapt the levels in the
SCOR model to propose an approach for configuring supply chain business processes.
We illustrate the approach for an industrial case of a cocoa supply chain.

The remainder of the paper is organized as follows: Sect. 2 highlights on the
background information of the study. Sect. 3 presents the case and the problem
statement. In Sect. 4, we present the proposed approach. The approach was evaluated
and applied to an industrial case in Sect. 5. Sects. 6 and 7 focusses on related work and
conclusion of the paper respectively.

2 Background

2.1 Supply Chain

Supply chains consists of a network of entities such as raw-material suppliers,
manufacturers/producers, distributors and retailers that are interconnected by material,
information and financial flows [10]. [1] defined supply chain as the flow of materials,
information, money and services from the supplier through a series of a network to the
final consumer. Material flow represent the physical products, raw materials, and
supplies that flow through a supply chain network. Information flows on the other hand
consist of data associated with the various business activities in the chain whilst
financial flows involve the monetary transactions such as payments, money transfer or
exchange, credit card information and electronic payments.

In order to manage the business processes and performance of these flows, the
Supply Chain Council (SCC) developed a standard model called the Supply Chain
Operations Reference (SCOR) model. The model further aggregated the supply chain
management processes into four levels. The first level defines supply chain manage-
ment scope and content. This level contains five main management process
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perspectives: plan (planning), source (procurement), make (production), deliver (de-
livery), and return (post-delivery support).

The second level defined the process categories of the main process highlighted in
level one. This level contains 26 supply chain processes. The choice of this level
depends on the production strategy: Make-to-stock (MTS), Make-to-Order (MTO),
Engineer-to-order (ETO). The MTS involves the production strategy linked to sales
forecasts. The MTO on the other hand concern the production strategy associated with
customers’ orders. ETO processes is where a particular product is designed specifically
to meet customer demand [11, 12].

The third level detailed the activities per process category. It contains 185 steps that
are performed to execute the level 2 processes. According to the SCC, level four is out
of scope because it concerns the unique focus and characteristics of each sector.

2.2 Business Process Modelling (BPM)

BPM is an accepted method used in many business organizations for structuring
business sectors. It is used to provide support to organization processes with the help of
different techniques, methods and software tools to control and analyze organizational
process as well as activities [13]. [14] defined BPM as an activity of representing
elements to produce a model that are used to deliver product or service to a customer or
another organization. It has also been seen as the first step in business process mod-
elling and business process management [15]. According to [16], an enterprise can
correctly be analyzed and integrated only when the business processes of that enterprise
is correctly identified and modelled. They further elaborated that information systems
implementation can only be successful only when the business processes of the
organization are well understood. This implies that proper identification and modelling
of the business processes serve as a key factor in integrating business enterprise.

There are many modelling languages or techniques for business process modelling.
The most frequent modelling techniques used include flow chart, data flow diagrams,
Business Process Modelling Notation (BPMN), Event- driven Process Chain
(EPC) and activity diagram which formed part of Unified Modelling Language (UML).
The researchers used the Business Process Modelling Notation (BPMN version 2.0) to
present the supply chain business processes presented in this study. The BPMN is the
most widely used and prominent visual modelling method to model business processes
[17, 18]. BPMN provides notations that is comprehensible by all stakeholders
including business owners, process analysts and IT engineers. This helps to bridge the
communication gap between these stakeholders.

3 Case Study and Problem Statement

In this section we present the industrial case study that will be used to describe the
problem statement and illustrate the proposed approach.
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3.1 Case: Cocoa Supply Chain

Ghana forms part of the West African countries bordered by neighboring African
countries; to the north is Burkina Faso, the east is Togo, and the west is Cote d’ Ivoire.
Agriculture and forestry contribute to the bulk of the nation’s economy [19].

Cocoa which is the main crop grown in the country accounts for 30% of the total
export earnings in the country [20]. In addition, the Ghana cocoa supply chain provides
income for six million people, representing 30% of the population in Ghana [21].
Currently, the Ghana cocoa sector is the second largest producer and exporter of cocoa
beans in the world and accounts for 20% of the global cocoa production [20].

The cocoa supply chain of Ghana is very complex with a lot of actors with
diversified interests, cultural and educational backgrounds [22]. The actors in the
supply chain execute the day-to-day activities in the sector. The supply chain has a
partially liberalized marketing structure with some privatization elements and strong
government presence [23]. For instance, the price of cocoa is regulated under the
producer price review committee established by the government of Ghana.

3.2 Problem Statement

In the previous section, the supply chain of the case was described. The description
indicates that the cocoa supply chain contains network of entities that oversee the
general business processes in the supply chain. These multitude of entities make the
structure complex and lengthy and as a result makes it difficult for the actors in the
chain to collaborate and coordinate their business activities. It also does not make the
supply chain responsive and makes it difficult for the players in the supply chain to plan
strategically and share information among themselves. Deriving an accepted business
process models and workflows for such a complex supply chain structure tends to be
difficult.

Though the SCOR-model provides general guidelines for supply chain manage-
ment and practices, there is insufficient guidelines for deriving and modelling specific
business processes for supply chains such as our running case. It is thus trivial to
identify and model the unique processes of the actors in our cocoa supply chain case.
We need a systematic approach and guidelines to identify and model business pro-
cesses for such cases. In the light of this, this paper adapts the levels in the SCOR
model to demonstrate an approach for configuring supply chain business processes for
the case of cocoa supply chain.

4 Approach

In the following we will present the steps of our approach for deriving business process
models dedicated for supply chains. For this we will apply and adapt the SCOR model
levels. The overall approach we followed consists of five sequential steps (see Fig. 1).
The steps:
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1. Define the goal:
In this step, the goal for deriving the supply chain business processes must be
defined. From the supply chain perspective, the goal can stem from supply chain
business process redesign, product quality, supply chain business process
improvement/automation and monitoring.

2. Identify the stakeholders:
This step involves identifying and mapping the stages in the supply chain. A variety
of stages such as supplier, manufacturer/producer, distributor, retailer, customer etc.
could be identified and mapped at this step. A stakeholder analysis could be used to
identify and map the entities at the different stages in the supply chain. In case of
unfamiliar supply chain organizations, first-hand information could also be derived
from secondary sources.

3. Identify the supply chain business processes:
This step constitutes the main body of the supply chain business process identifi-
cation phase. It identifies the information, products, and financial business processes
perform at each stage of the supply chain. Stakeholder analysis using surveys can be
used to identify supply chain business processes at this stage.

4. Map the business processes to SCOR level 1 to level 3:
This step involves mapping the supply chain business processes identified in step 3
to the SCOR model levels (level 1–3).

5. Define the business processes for SCOR level 4:
In contrast to SCOR model, this level is out of scope because the business processes
at this stage need to be an industry specific. For the case of this approach, this step
involves defining the industry specific business activities for preforming the level 3
processes. The activities detailed in this stage serve as the fundamental building
blocks for the business process implementation.

5 Applying the Approach: Business Processes for the Cocoa
Supply Chain

Now that we have adapted and applied the SCOR model to propose a framework for
configuring supply chain business processes, it is thus important to evaluate the
framework with an industrial case. In this section we illustrated the framework with an
industrial case of a cocoa supply chain.

We performed a data collection in the Ghana cocoa supply chain. The data were
collected using semi-structured surveys which include face-to-face interviews, office
and field visits. Purposive sampling technique was used to select 28 stakeholders in the
cocoa supply chain. The stakeholders selected for the study oversee the daily opera-
tions in the cocoa supply chain. The field data were digitized onto Microsoft Office

Fig. 1. Approach for deriving supply chain business processes
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Excel 2016. Secondary sources of data such as industrial reports and published articles
were also used to support the research. Both the primary sources of data (field data) and
the secondary data were used to identify the stakeholders in the Ghana cocoa supply
chain and their business processes.

In this section, the results for applying the proposed approach to the case is pre-
sented. The results are presented systematically in accordance with the proposed
approach.

5.1 Define the Goal

The current Ghana cocoa supply chain is primarily implicitly defined. This seriously
impedes the understanding of the overall process. Likewise, it is harder to control and
manage the overall supply chain. In particular, this is necessary for realizing fair and
inclusiveness business for all the stakeholders in the supply chain. To this end, the goal
of this business process modelling effort is to make the implicit process explicit and
understandable in order to pave the way for improvement. In the SCOR model, level 1
describes the high-level configuration; level 2 is used to differentiate the strategies;
level 3 describes the steps for executing level 2 processes. As stated before SCOR does
not include level 4 which is focused on industry specific aspects. We focus in particular
on applying the proposed approach to define and map the cocoa supply chain processes
and elaborate on level 4 to describe the specific aspects of the Ghana cocoa supply
chain.

5.2 Identify the Stakeholders

The output from the semi-structured surveys reveals three major stakeholders in the
Ghana cocoa supply chain: (1) cocoa farmers, (2) cocoa buying companies formerly
known as Licensed Buying Companies (LBCs) and (3) COCOBOD. The results
confirms with a study conducted by [24].

5.3 Identify the Supply Chain Business Processes

The supply chain business processes performed by the identified stakeholders in the
cocoa supply chain have been elaborated in the table below.

Table 1. Supply chain business processes of stakeholders in Ghana cocoa supply chain

Stakeholders Supply chain business processes ID

Farmer • Schedule cocoa production activities FP1
• Source inputs (land, cocoa seedlings, fertilizer, insecticides,
etc.) for the cocoa production

FP2

• Grow the cocoa seedlings FP3
• Farm maintenance (weeding, pruning, pest and disease control,
mulching etc.)

FP4

(continued)
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5.4 Map the Business Processes to SCOR

In this section, the identified business processes of the stakeholders in the cocoa supply
chain are mapped to the SCOR model levels (1–3) as highlighted in the proposed
approach. The mapping of the different business processes according to the SCOR
model levels are described below using the ID codes in Table 1.

Table 1. (continued)

Stakeholders Supply chain business processes ID

• Harvest cocoa pods FP5

• Post-harvest activities (pod breaking, fermentation, drying etc.) FP6
• Bag the dried cocoa beans FP7
• Load mini transport vehicles FP8
• Transport the dried cocoa beans to buying company FP9
• Receive defective cocoa beans where necessary FP10
• Receive cash payment FP11

Licensed Buying
Company (LBC)

• Establish cocoa sourcing plans BCP1
• Receive dried cocoa beans from farmer BCP2
• Check cocoa beans quality BCP3
• Weigh cocoa beans if quality is okay or cocoa is well dried.
Reject for reconditioning if cocoa beans fail the quality checks

BCP4

• Transfer cocoa beans to warehouse BCP5
• Pay the cocoa farmer BCP6
• Plan delivery of bagged cocoa beans to COCOBOD ports BCP7
• Load trucks and generate transporting certificates and
supporting documents

BCP8

• Transport bagged cocoa beans to COCOBOD ports BCP9
• Receive payment from COCOBOD accounts BCP10

COCOBOD • Establish cocoa sourcing plans CP1
• Receive cocoa beans from buying company CP2
• Check cocoa beans quality CP3
• Weigh cocoa beans if quality is okay or cocoa is well dried.
Reject for reconditioning if cocoa beans fail the quality checks

CP4

• Transfer cocoa beans to warehouse CP5
• Pay the buying companies CP6
• Establish plans (select carrier, call Ghana Customs and Bank of
Ghana for advice) for delivery of cocoa beans to local and
international customers

CP7

• Load trucks and container containing cocoa beans CP8
• Generate shipping documents CP9
• Ship bagged cocoa beans to customers CP10

Note: The abbreviations ID denote business process identification, FP represents farmer business,
BCP signify Licensed Buying Company business process whilst CP denote COCOBOD business
process.
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SCOR Level 1 Business Processes of Ghana Cocoa Supply Chain
As indicated in this study, the SCOR model level 1 is aggregated into five management
processes (plan, source, make, deliver and return) used to describe supply chains at
high level. In this section, these management processes have been defined explicitly for
the Ghana cocoa supply chain. The results indicate that the business processes per-
formed by the stakeholders in the cocoa supply chain conform to all the five level 1
processes in the SCOR model.

SCOR Level 2 Business Processes of Ghana Cocoa Supply Chain
From the SCOR model, the level 2 has three important production strategies which
include the Make-to-stock (MTS), Make-to-Order (MTO), Engineer-to-order (ETO).
The results from the survey study indicates that the actors in the cocoa supply chain
operate under the MTS strategy. This implies that the supply chain business processes
of the actors are performed based on forecasting measures. Out of the 26 level 2
business processes, 15 are applicable to the cocoa farmers processes outlined in
Table 1. The cocoa buying company and COCOBOD uses 14 level 2 processes (see
Table 2). For instance, the level 2 processes of the cocoa farmer initiates with plan
supply chain and ends with enable return. The plan supply chain process considers the
overall planning of the supply chain activities performed by the cocoa farmer and this is
also applicable to licensed buying company and COCOBOD. The level 2 business
processes not applicable to the cocoa stakeholders supply chain business processes
outlined in Table 1 are denoted with N/A.

Table 2. Level 2 processes of Ghana cocoa supply chain

Cocoa supply chain stakeholder

Processes SCOR process (level 2) Cocoa
farmer

Buying
company

COCOBOD

1 sPl: Plan Supply Chain FP1 BCP1 CPI
2 sP2: Plan Source FP2 BCP1 CPI
3 sP3: Plan Make FP3 BCP9 CP10
4 sP4: Plan Deliver FP9 BCP7 CP7
5 sP5: Plan Return FP10 BCP4 CP4
6 sSl: Source Stocked Product FP9 BCP2 CP2
7 sS2: Source Market-to-Order

Product
N/A N/A N/A

8 sS3: Source Engineer-to-Order
Product

N/A N/A N/A

9 sMl: Make-to-Stock FP3 N/A N/A
10 sM2: Make-to-Order N/A N/A N/A

(continued)
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SCOR Level 3 Business Processes of Ghana Cocoa Supply Chain
According to the SCC, the level 3 processes describe the sub-processes performed to
execute the level 2 processes. As indicated in the previous section, the level 2 processes
centered around the MTS production strategy. This means the level 3 process should
contain all the sub-processes or steps for executing the level 2 processes (MTS) de-
scribed in the previous section. For our running case, some of the sub-processes or
steps are applicable and others too are not. The cocoa farmer uses six executing
processes in the level 3; cocoa buying company and COCOBOD made use of eight
sub-steps of the executing sub-processes in level 3 (see Table 3). N/A in Table 3 was
used to represent SCOR level 3 processes not applicable to the supply chain business
processes of stakeholders in the Ghana cocoa supply chain.

Table 2. (continued)

Cocoa supply chain stakeholder

11 sM3: Engineer-to-Order N/A N/A N/A
12 sDl: Deliver Stocked Product FP9 BCP9 CP10
13 sD2: Deliver Make-to-Order

Product
N/A N/A N/A

14 sD3: Deliver Engineer-to-Order
Product

N/A N/A N/A

15 sD4: Deliver Retail Product N/A N/A N/A
16 sSRl: Source Return Defective

Product
FP10 BCP2 CP2

17 sSR2: Source Return MRO
Product

N/A N/A N/A

18 sSR3: Source Return Excess
Product

N/A N/A N/A

19 sDRl: Deliver Return Defective
Product

FP9 BCP5 CP5

20 sDR2: Deliver Return MRO
Product

N/A N/A N/A

21 sDR3: Deliver Return Excess
Product

N/A N/A N/A

22 sEP: Enable Plan FP1 BCP1 CPI
23 sES: Enable Source FP2 BCP1 CPI
24 sEM: Enable Make FP3 BCP9 CP10
25 sED: Enable Deliver FP9 BCP7 CP7
26 sER: Enable Return FP10 BCP4 CP4
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5.5 SCOR Level 4 Business Processes of Ghana Cocoa Supply Chain

This section presents the translation of the level 3 processes into an industry specific
business processes. In the case of this study, the level 3 processes derived from the
SCOR model are translated to align with the cocoa supply chain business processes.
The business processes are presented visually using the BPMN. The supply chain
business processes of stakeholders in the cocoa sector is divided into three lanes (cocoa
farmer, licensed buying company and COCOBOD).

From the business process diagram, the activities in the cocoa supply chain are
initiated by the cocoa farmer. The cocoa farmer activities start with establish cocoa
production plans. The business process of the cocoa farmer comes to an end when the
bagged cocoa beans are transported to the licensed buying company (see Fig. 2). The
licensed buying company process is initiated with establish sourcing plans. The
licensed buying company after receiving the cocoa beans from the farmer also per-
formed a number of activities such as verify product, transfer product etc. before
transporting the cocoa beans to COCOBOD (see Fig. 2). The domestic business pro-
cesses of the cocoa supply chain ends when COCOBOD ship the bagged cocoa beans
to local and international customers (see Fig. 2).

Table 3. Level 3 processes of Ghana cocoa supply chain

Cocoa supply chain stakeholders

SCOR process (level 3) Cocoa
farmer

Buying
company

COCOBOD

sP2.4: Establish sourcing plans N/A BCPl CPI
sP3.4: Establish production plans FP2 N/A N/A
sP4.4: Establish delivery plans N/A BCP7 N/A
sS1.2: Receive product N/A BCP2 CP2
sS1.3: Verify product N/A BCP3 CP3
sS1.4: Transfer product N/A BCP5 N/A
sS1.5: Authorize supplier payment N/A BCP6 CP6
sMl.l: Schedule production activities FP1 N/A N/A
sM1.3: Produce and test FP3 N/A N/A
sM1.4: Package FP7 N/A N/A
sD1.5: Build loads FP8 N/A CPS
sD1.7: Select carriers and rate shipments N/A N/A CP7
sDl.11: Load vehicle and generate shipping
document

N/A BCP8 CP9

sD1.12: Ship products FP9 BCP9 CP10
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6 Related Work

Numerous studies have been conducted in the application of the SCOR model and also
proposing frameworks for business processes. However, to the best of our knowledge,
none of these studies have dealt into details in proposing systematic guidelines for
deriving supply chain business processes.

[15] proposed a framework for business process management. This framework is
widely used in the field of business process management for identifying and estab-
lishing criteria for prioritizing business processes in an organization. The framework
uses two phases to identify business processes: designation and evaluation phase.
However, the framework is generic and does not support deriving supply chain busi-
ness processes. [25] also used process mining concepts for business process discovery
and management. The approach uses log files with Process Identification Number
(PID) from enterprise systems to create and redesign business processes. This pro-
cessing mining approach which is widely known in the business process discovery
discipline also fails to explicitly provide sufficient guidelines for supporting supply
chain business process configuration.

Fig. 2. Business process model of cocoa supply chain stakeholders
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[26] adapted the SCOR model to propose a framework for modelling demand
driven supply chains. The proposed framework was applied to the European fruit
industry. The SCOR model has also been applied in the construction industry by [27,
28] to model supply chain participants and their business processes.

These related works have some limitations; firstly, they do not focus on providing a
step by step guidelines on how to configure the supply chain business processes. Again,
these related works and SCOR model literature fails to provide approach for config-
uring the level 4 industry specific processes.

In the case of the Ghana cocoa supply chain, [24] employed supply chain per-
spectives to identify the challenges in the cocoa supply chain. The output of the
research fails to explicitly indicate the detail supply chain business processes of the
stakeholders in the cocoa supply chain.

This paper has addressed these concerns by applying and adapting the well-known
SCOR model to propose an approach to configure supply chain business processes.

7 Conclusion

This study has applied and adapted the SCOR model to illustrate an approach that
guides deriving supply chain business processes. Our approach consists of the fol-
lowing steps: (1) identify the goal; (2) identify the stakeholders; (3) identify the supply
chain business processes; (4) map the business processes to SCOR level 1-3; and
(5) defined the business processes for SCOR level 4. The research applied and tested
the approach in a descriptive industrial case study. The results from the presented case
identify the key actors from the Ghana cocoa supply, their business processes and
interactions. The research also elaborated on the business processes on the SCOR
model that are applicable to the Ghana cocoa supply chain.

This research which is the first of its kind to use the SCOR model to identify the
processes in the cocoa supply chain contributes to a better understanding of the actors
in the sector and their interactions. From a practical point of view, the research
approach demonstrated in this study could be useful in deriving the supply chains
processes in the agri-food sector particularly cash crop supply chains. This is because
the research has broken boundary to identify the level 4 processes which is out of scope
in the SCOR model for an agri-food supply chain specifically cocoa supply chain.

The output of this present paper has an added value to literature because the
research adapts and apply an accepted supply chain reference model to propose an
approach to configure supply chain business processes. It builds on existing reference
model to illustrate new approach for supply chains business process configuration.

However, more research could be carried out to extend the findings of this study
and validate the proposed approach. New research could also be carried out by using
the SCOR model to identify the metrics and practices associated with the Ghana cocoa
supply chain business processes.
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